Histological and scanning electron microscopy (SEM) characteristics of the microvasculature of muscle fibers in the anterior third of the adult rat tongue are described. For light microscopy, the specimens were embedded in paraffin and frontal sections were stained with Picro-Sirius. Thick sections were obtained from Spurr embedded samples and stained with toluidine blue solution. For SEM, specimens were obtained by the corrosion cast method and fractured specimens in dimethyl sulfoxide were observed with high-resolution SEM (HRSEM). The blood vessels, enveloped with a thin layer of connective tissue, had fibers running parallel to the muscular fibers. Capillary arterioles were noted following the endomysium, but their lateral branches often ran at right angles to the fibers. The capillary beds were clearly revealed in transverse sections where the individual capillaries appeared ring-like or elliptical in shape. The nuclei of endothelial cell cores could be seen on the vessel surfaces. Collagen fibers type I and III were noted in the connective tissue and in the fibrous layer of vessels. (J. Oral Sci, 43, 269-275, 2001) 
Introduction
As the tongue plays an important role in mastication and deglutition and is the gustatory organ, it requires a large supply of blood compared with other muscular organs (1) . The microvascular system consists of arteriolae, capillaries and venules and the sinusoids that are present in some organs such as the spleen, liver and bone marrow (2) . Use of the corrosive resin cast method was primarily reported by Tanigushi et al. (3, 4) and Murakami (5) who, using a low-viscosity resin, observed that even the complex capillary distributions and their relationships could be reproduced and observed three-dimensionally. Several authors have used this method to study the angioarchitecture of the tongues of dogs (6, 7) , primates (8) , human fetuses (2) , rats (9) (10) (11) and undernourished rats (12) . Lametschwandtner et al. (13) reported the angioarchitecture as having a three-dimensional organization of the vessels. The corrosive vascular cast, showing the thin vascular architecture in the tissue, was useful in showing the morphologic relationships between the alteration in the vascular cast and the revascularization of the tissues (14) . The capillaries have also been analyzed by examination of the fractured surface of tissues in scanning electron microscopy (SEM) with dimethyl sulfoxide method (DMSO) which has shown the three-dimensional characteristics (15) (16) (17) .
The aim of this paper was to demonstrate the presence of the blood vessels in the muscular layer of the anterior third of rat's tongue, using the Mercox injection and highresolution SEM (HRSEM) methods.
Materials
and Methods Ten adult Wistar rats, weighing 200 to 250 g , were used. of the tongue were kept at room temperature for 2 h. After they had been completely polymerized, the specimens were treated with 10% of NaOH solution for 5 days at room temperature (23) . Two tongues were fixed with modified Karnovsky solution, freeze-fractured in liquid nitrogen and then were digested with 10% NaOH for 5 days at room temperature. The other specimens were immersed in 8 N HCl-collagenase solution according to the method reported by Evan et al. (24) . The vascular resin casts were carefully washed in slowly flowing distilled water and dried at room temperature. The dried vascular casts were mounted on stubs with adhesive paste, coated with gold in a Balzers Union ion sputter apparatus (SCD-040) and examined under an SEM (JEOL, JSM-6100) at 10 kV.
Results The frontal sections of the anterior third of the adults rat tongue stained by Picro-Sirius showed collagen fibers types I and III in the connective tissue and overlying the blood vessels (Fig. 1) . Transverse bundles of muscle fibers, bundles of nerve fibers and a blood capillary were observed in the connective tissue. The capillary showed the external fibrous layer of collagen fibers (Fig. 2) . The thick sections stained with toluidine blue showed muscle fibers enveloped by the endomysium, with peripheral oval and/or cylindrical nuclei. The blood capillaries and bundles of nerve fibers on the muscle layer connective tissue were clearly seen (Figs. 3,4) . The corrosive vascular cast examined by SEM showed that the vessels penetrated the muscular layer and their gauge increased until they built up a capillary network in the area. The connective tissue of the endomysium and arterial capillaries were wound, progressing to the surface where they presented superficial capillary projections (Fig. 5) . The vessels showed coils and sinuosities that followed the muscle fiber orientations (Fig. 6) 11 ). These capillaries, having numerous sinuousities, were parallel to the muscle cells, with reticular collagen fibers of the endomysium enveloping both structures (Fig. 12) . The capillary surface was in juxtaposition with the muscle fiber basal lamina, showing ramification (Fig. 13) , and the basal lamina showed reticular fibers on the sarcolemma and capillary surfaces (Fig. 14) . Discussion Our results showed that the anterior third of the tongue is highly vascularized, and the arteries penetrate the deep layer of the musculature, ramifying parallel to the bundle of the muscles. In the endomysium connective tissue, the capillaries are coiled and sinuous projecting to the superficial layer where they present capillary projections in the epithelium connective papillae, which has also been Fig. 11 HRSEM image reveals the bundles of myofilaments (small arrows), mitochondria (large arrows) and capillaries located closely to the cell membrane (*). observed in the primate tongue (8) . In the human fetal tongue (18 to 21 weeks) three different layers have been observed: a vascular system in the lingual papillae mainly composed of capillaries, a subpapillary capillary net containing small arteriolae and veins and a deep layer in the musculature with the vessels constituting a plexus (1). It was not possible to determine, through this work, the blood flow direction or the presence of valves in venules (25) , but the site of the nuclei from the endothelial cells could be clearly observed, presenting elongated impressions for the arterial capillaries and rounded in the venules , as has been reported for bone marrow (2), dog tongue (6), mammal tongue (8), rat tongue (9-11) and undernourished rat tongue (12) . The capillaries showed a longitudinal extended network around and among the muscle fibers individually, composed of longitudinal and transverse segments that showed a tortuous course. The coils and sinuosities of the capillaries in juxtaposition with or among the observed muscle fibers seemed to be related to the musculature characteristic of contraction and relaxation. Thus, through this sinuosity, the vessel can fit these movements without disruption. Our data demonstrate that the dorsum of the rat tongue presents, superficially , capillaries irregularly wound and having knots , and following that, ascendant and descendant capillaries , from which the first two layers will drain into the subjacent venous plexus. Furthermore, the fourth layer contains arteriolae of the muscle layer, demonstrating that the vascular system is organized and specific, fitting the functions of this organ in the rat, which was also observed by Selliseth et al. (10 ) . In mammals some arteriovenous anastomosis in the lingual apex and in the lamina propria can be observed, so that dense capillary chains and venules are found building up a net (8) . The data also show that the arterial capillaries are coated by the smooth muscular tissue fibers involving them in a circular way and providing them with higher resistance to the passing of blood flow . After the removal of the connective tissue from the fibrous layer, bundles of nerves can be observed adhering to the medium layer, allowing stimulus of this musculature , in accordance with studies in dog's tongue (7) in which the tunica media was externally composed of a circular layer from the smooth muscle cells and internally of longitudinal plicae from the muscle cells ramifications. The samples for HRSEM (15) (16) (17) 20) show that the collagen fiber net in the endomysium is related to a spongy-like structure corresponding to the basal lamina from the sarcolemma which is separated through the fractured surfaces , as shown in the DMSO-method. The basal lamina structure presents some aspects similar to those observed in the frog's sartorium muscle (26) and in rat and mouse's submandibular glands (21, 27) . Ohtani et al. (28) in dog's tongue reported the disposition of the collagen fibrillar net as being consistent with a supportive substratum of helicoid connective tissue connected to the muscle fibers and adjacent to the blood vessels. The endomysium collagen fibers observed in HRSEM images show a three-dimensional net external to the sarcolemma basal lamina, and owing to the mechanical resistance of collagen, it uniformly distributes the tension forces during passive contraction and relaxation. The network between the muscle fibers and the capillaries contributes to structural and functional integration and through its wavy and loose aspect it could function as an elastic system absorbing impacts maintaining the blood flow in the muscular fiber (29) .
